The Burrowing Owl, Speotyto cunicularia hypugaea, is a common resident throughout much of arid North America. The conspicuous diurnal activity of these owls, in combination with their fossorial habits, has attracted the attention of many observers since the middle of the nineteenth century. Yet the accumulated knowledge of the biology of this species is surprisingly sparse, and widely scattere' d. Bent (1938) 
the shade. The rainfall is normally less than 6 inches per year. The irrigation system in the Imperial Valley has highly modified the environment by supplying large quantities of moisture to the air, as well as providing green plant growth through all seasons. Telephone poles provide perching posts for the Burrowing Owl and also for other birds of prey.
The drain canal system has provided many new banks which are suitable for habitation, both by the owls and their constant associate in the Imperial Valley, the round-tailed ground squirrel, Cite1lu.s tereticaudm.
The ground squirrels provide many possible "starts" for the Burrowing Owls to utilize for their own nest sites after sufficient enlargement of the tunnels. It is not known whether Burrowing Owls construct their own burrows or modify existing holes for their own use. In the Imperial Valley I have always found evidence of past or present activities of the round-tailed ground squirrels where Burrowing Owls were observed. I have seen ground squirrels active within several feet of alert Burrowing Owls, with no apparent signs of interaction. The smaller burrows shown in figure 2 were those of an active colony of round-tailed ground squirrels at Greeson Slough on 1 June 1963. On one occasion the remains of a ground squirrel were discovered in the midden at the entrance of a Burrowing Owl burrow, which probably represented carrion rather than prey. On a few occasions Burrowing Owls were noted in sites along drainage banks that appeared to be modified from muskrat (Or&a&a zibethicus) burrows, along an earlier high water mark.
Burrows ground; rodents seem to be the object of this foraging pattern. Earwigs and crickets occur abundantly in occupied burrows, providing a food source for the owls through a possible symbiotic relationship. The microclimate of the burrows offers shelter and favorable breeding conditions for these arthropods, as well as for their predatory co-habitors.
ACTIVITY PATTERNS
In surveying pellets collected in the Imperial Valley, I found that earwigs (Dermoptera) were the major food item during both winter and early summer months. Other arthropod exoskeleton parts were noted in fresh pellets at these times, including crayfish, crickets, tiger beetles, and various tenebrionid beetles. Pellets containing fur seemed to be preserved longer in the midden around owl burrows than were pellets containing chitin. In addition to the ground squirrel noted earlier, the following vertebrate remains found in pellets and/or middens of Burrowing Owls in the Imperial Valley were: Perognathus spp., Peromyscus spp., Mus musculus, Thomomys hottae, Agelaius phoeniceus, Sonora semiclnnulata, Hyla regilla, and Bufo cognatus.
Burrowing Owls demonstrate a unique daily activity cycle among nearctic strigiforms. Their conspicuous diurnal behavior centers around the burrow sites, and patterns of activity are related to the season. Four classes of daily patterns can be recognized: winter, incubation, fledgling, and post-breeding. Pairbonds are sometimes maintained throughout the year, as evidenced from banded pairs. Although solitary individuals may be found at any time, single 08~1s are more frequent during the winter months.
A dead Burrowing, Owl of unknown age was seen in the midden at one of the burrow sites on 22 November 1962. This carcass did not appear to have been fed upon, though cannibalism has been reported in the species (Robinson 1954). Dead juveniles are found about the burrows during the summer months. In captivity it was not uncommon to find one member of an adult pair partially devoured by its mate; no evidence of aggressive cannibalism was detected in these instances.
In the winter months, both members of a pair of owls are generally observed together at the entrance of their burrow during the early morning hours and again in the late afternoon. During the day, one member of the pair is usually below ground, with the other remaining near the burrow entrance. The owl above the burrow remains alert during the day, and may b' e observed to visually follow small birds flying nearby. Site attachment for the burrow is reduced during the winter; at this time banded owls generally did not return to the same burrow when disturbed by trapping or by partial excavation of the burrow.
Burrowing Owls are primarily crepuscular in their foraging, as are Elf Owls (Ligon 1968: 36). During the daylight hours Burrowing Owls may capture prey and feed on ground squirrel carrion. While searching for prey, Burrowing Owls characteristically hover for periods of several minutes at heights of 8-15 m. When prey is captured it is devoured on the ground before hovering is resumed. During the night the foraging behavior changes to suit the reduced visibility of the small food items. Burrowing Owls may pursue arthropods on the ground by walking and running. They also may glide about 1 m above the As the breeding season arrives (about early March) the attachment of the owls to the burrows increases, reaching a maximum during the incubation and fledgling periods. Both members of a pair are rarely seen together at the burrow entrance, except briefly at dawn and dusk. Bendire (1892) states that "both parents assist in incubation, which lasts about three weeks." Howell (1964) noted that, in captivity, a male Burrowing Owl did not develop an incubation patch (as did its mate) and presumably did not participate in incubation. During the breeding season, the male will occasionally enter the burrow during the day for short intervals.
In early summer, when the young owls are in an advanced state of development, the adults have a different cycle during the day. At this time a pair under observation could be behaviorally sexed, and differences in plumage, color, and pattern made it possible to keep individual track of this pair' s activities.
During most of the day only one owl remains near the burrow, usually the female, and the male occupies a sentry perch in the surrounding area. He occasionally returns briefly to the nest site, but apparently never to enter the burrow. When both the adults are in the immediate vicinity of the burrow, the female enters the burrow occasionally for a moment or two if the unfledged owls are not outside. The young owls frequently are outside during the morning and afternoon, but rarely during the midday. Entire broods were not commonly observed together outside the entrances.
At the end of the breeding season, environmental temperatures are at a maximum; the fledglings are grown and the adults spend a reduce' d amount of time at the burrow site. Secondary burrows in the vicinity may be used by the adults at this time. Adults and young spend little time outside the burrows during the midday hours. By early October dispersal and migration are initiated, and site attachment for a specific burrow is re' duced. As the weather cools the owls spend greater periods abroad during the daylight hours. When an observer approaches a burrow, the owl on "guard duty" gives the six-note alert call when the approaching "predator" is more than about 40 m away. Captive owls will give this response to an approaching dog or cat. The call is of medium pitch, and of a musical quality, roughly tempoed as "chip-chip-chi chi chip-chip." It is not accompanied by a unique display or posture; several positions may be associated with this call.
The alarm behavior occurs when an owl is steadily approached. The owl turns slightly and becomes erect ( fig. 2) . It gives a singlenoted call, of a higher pitch than the alert call and of a somewhat more harsh quality: "cheed." The call is issued as the owl "bobs" up and down, as described by Witherby et al. The decoy behavior appears to be an effective device to divert a terrestrial predator. An owl calls attention to itself through a ritualized pattern, and then retreats to a preferred post. The direction of this retreat to the sentry perch is usually in the direction opposite to that of the most frequent approach by humans.
Threat behavior. When a human or a dog comes too close to a caged Burrowing Owl, a typical strigiform response occurs. The feathers are fluffe' d out, the wings opened and rotated forward; while crouching the owl weaves back and forth, issuing a piercing, hissing scream of about 5 set duration followed by "bill clicking" ( Haverschmidt 1946) ; the call is repeated until danger ceases to threaten. When young owls give this response from within a burrow, the effect is said to be very reminiscent of an agitated rattlesnake (Bent 1938388).
Courtship behavior. The male owl displays to the female a posture reminiscent of the threat display, except that he does not weave and the wings are drawn closer into the body, giving the appearance of greater size than the female ( fig. 3A) . While in this posture the male utters a distinctive five-noted call of a mellow, flute-like quality: "Whea-woo-whowoo-who." The last four notes are slurred together, and the call is generally given only once every few minutes. This call was frequently given by captive owls in the early morning hours, particularly during the spring. On 1 June 1963 the owls at Site A were observed to copulate twice, each time preceded by the five-noted call and display by the male. The copulating pair had six young, almost to the postjuvenal molt stage. At lo:15 the female was at the burrow entrance and the male was on the sentry perch. The courtship display and call were given. Because of the overhang at the burrow entrance, the female could not see this display; she responded to the call by flying up to the perch, and copulation followed ( fig. 3B ). At 11:00 the male went through the courtship ritual after arriving at the burrow entrance from a distant perch. Both owls then flew to the sentry perch and copulation immediately took place. The coitions lasted about 4 set each. I was too far away to hear any soft vocalizations which may have been associated with courtship or coition, as described in Little Owls ( Haverschmidt 1946).
On several occasions the male returned from the distant perches and gave a courtship display and call at the front of the burrow entrance. The female answered from the burrow entrance with a slightly softer, higher pitched version of the six-note alert call. Then the female entered the burrow for a minute or two while the male remained at the entrance. The male soon returned to the perch away from the burrow area. On one occasion the female repeated the modified six-noted call, when the young were inside and she was at the entrance and the male was not in sight. The female did not enter the burrow unless the male was present at the site. Howell (1964) described similar courtship patterns in captivity. These patterns appear to be involved with both pair bond formation and maintenance in this species.
Relations u;ith young. The young owls gave a distinct rasping call of about 1 set duration when begging food from either parent. This begging behavior was noted between 09:OO and 11:00, but the adults did not respond by feeding them at this time.
Young owls retreated down the burrow when the six-note alert call was given by a parent. On several occasions young owls retreated following a display by an adult owl very similar to a threat display, but without weaving or vocalizing. exposure to the sun and assumed this posture facing down the mouth of the burrow, which should provide a radiational heat-sink. As they mature, juvenile Burrowing Owls appear at the entrances of their nests with increasing frequency during the day. During the morning hours the young owls may orient so that their shadows provide shade, which could permit radiation of body heat from their legs. As the sun reaches its zenith, the juveniles retreat into the cool burrows; by early afternoon the burrow' s entrance may provide natural shade that is utilized by the young birds. Seven burrows that faced west in the Greeson Slough did not have young owls in evidence during the midday, although they were known to be present.
THERMOREGULATORY BEHAVIOR
Thus, both adult and immature Burrowing Owls have considerable behavioral control over the thermal regimes that they occupy. The elevated perches selected by the adults place them in a favorable position for reducing conductional and thermal radiational heat gain. The use of the burrow as a thermoregulatory mechanism (a favorable ecoclimate) is a behavioral alternative utilized by both young and adult owls. Similarly, the utilization of shade, either their own or that of another object, is a behavioral feature of both age groups (note fig. 4B The results show that although temperatures are not significantly different from the entrance into the depth of the burrows, the Population estimates from these data are difficult since several simultaneous variables are involved. Census data were collected at different seasons and different times of day. The seasonal and daily patterns of Burrowing Owls influence the probability of observing one or both individuals of a pair at any given moment. The actual number of unmated owls in the population also influences these estimates, since one member of a pair of owls may be below ground at a given moment. If the absolute population size varies from year to year to a significant extent, the estimates will be further complicated. However, a number of these variables can be factored from the census data, and meaningful estimates can be made. The number of owls estimated in the census population was calculated by adding an arbitrary proportion of single owls to the number of pairs counted (see table 2). It was assumed that two-thirds of the single owls counted were actually paired, and that the remaining onethird were unmated. This assumption of a constant proportion of unmated birds may not be valid; however, as the actual percentage of such birds in the census population changes, the relative estimates change correspondingly. This can be seen in the calculation of "per cent observed" in tables 2 and 3; this parameter was derived by dividing the actual number of owls counted by the number estimated to be present. Although the average per cent observed was similar between the total census figures and the Dahlia canal numbers (66.3 Food did not appear to operate as a limiting factor on the Imperial Valley owl population, at least in a quantitative sense. Since insects and arthropods were active at all times of year along the canal banks, and many of these utilize owl burrows as shelter or breeding sites, the burrows provide the owls with a potential food resource.
The major factor controlling the abundance of Burrowing Owls in the Imperial Valley seems to be the availability of burrow sites. Although at least 1000 miles of canal banks are present in the Imperial Valley, only a fraction of these are suitable habitat at any given time. The canals which supply water are not suitable due to periodic rises in water level. Some of the major arterial canals have banks for the owls to occupy. About one-third of the canal mileage is in drain canals, which usually have very little water flow. These canals are subject to dredging operations every few years, which destroy the established burro#w sites. If the vegetation grows above the top of these canals, or becomes moderately dense along the banks, they are no longer occupied by Burrowing Owls. Along four miles of drain canal near the town of Westmoreland, I counted 13 pairs of Burrowing Owls in June 1966. In early July this canal was dredged, and on 14 July no owls could be found along the same canal. Thus, the only stab' le habitat exists in areas where agriculture is not in progress, such as Greeson Slough or along the New or Alamo Rivers.
Role of the burrow. Certainly a unique and conspicuous feature of the Burrowing Owl is its burrow, which is apparently the key to the ecology of this species. The overall distribution of Speotyto cunicularia in western North America coincides with the occurrence of colonial burrowing rodents of the genera Citellus or Cynomys, which provide suitable burrow "starts" from which these owls construct their burrows. The burrow provides the center of activity throughout the year for these owls, and plays an important role in the social and thermoregulatory behavior, food supply, and population dynamics.
All owls studied have demonstrated territoriality, at least during the breeding season (see Ligon 19688). Burrowing Owls did not appear to defend territories other than the immediate vicinity of their burrows. Several pairs were observed foraging over a field adjacent to Dahlia canal with no signs of aggressive interactions; all owls freely passed each other in the different areas on this field. Burrowing Owls were not observed to defend their burrow sites against other species except potential predators.
As in the hole-nesting Elf Owl, the nest site is the center of activity for Burrowing Owls. Social behavior centers around the burrow, and although site attachment for a particular burrow may be very low during the fall and winter months, I have never observed a Burrowing Owl that was not utilizing a groundhole for shelter. Territoriality in this species probably centers around the burrow. Copulation occurs at the burrow site and acts in pairbond maintenance, as in the Elf Owl (Ligon 1968) and the Little Owl (Haverschmidt 1946).
The number of active burrows in the two census areas changed little from year to year. This parameter appears to be the best basis for estimating the population size of the species. Differences between the two census areas in estimated density are probably due to burrow spacing rather than to the proportion of paired owls to unmated individuals. However, pair formation appeared to occur earlier in the fall and winter along the Dahlia canal than in other areas, which perhaps is related to the greater carrying capacity of that particular habitat.
The 
SUMMARY
The natural history and population dynamics of Burrowing, Owls (Speotyto cunicdaria) were studied near El Centro, Imperial County, California.
Discussions of the distribution, habitat, food habits, activity patterns, and various aspects of the behavior of this species are presented.
A conspicuous and unique feature of this small diurnal owl, its burrow, provides the key to the ecology of the species. The distribution of Burrowing Owls coincides with the occurrence of co' lonial burrowing rodents (Citellus or Cynomys), and local occurrences of these birds appear to be governed more by the suitability of burrow sites than by any other single factor.
ECOLOGY OF THE BURROWING OWL 175
The burrow provides the center of activities throughout the year; it plays an important role in the food supply and in the social and thermoregulatory behavior of these owls. The social behavior of Burrowing, Owls is remarkably parallel to the behavioral patterns of the Palearctic Little Owl ( Athene noctua); divergence in some aspects of bmehavior seem to be correlated with the greater "terrestriality" of Burrowing Owls, Owl populations resident in the Imperial Valley of southern California encounter temperatures near freezing during the winter and are active during periods of intense environmental radiation during, the summer. Burrows were found to provide a buffered ecoclimate for these owls throughout the year. Absolute humidity in the depths of the burrows averaged 16.9 g Hz0 * ( m3 air)-], about 70 per cent greater than that of ambient air. The accumulation of water vapor, from both biotic and abiotic sources, reduces the saturation deficit of the burrow air. Thus pulmocutaneous evaporation should be reduced while the owls are in their burrows.
Laboratory experiments suggest that Burrowing Owls undergo a shift in general activity patterns at ambient temperatures above 40°C. The total amount of activity remains about the same as at lower ambient temperatures, but crepuscular and nocturnal activity are increased while diurnal activity decreases.
Burrowing Owls were observed drinking free water in the field and in captivity. The response of consuming free water appears to be innate rather than acquired. The frequency of drinking in the laboratory increased with ambient temperature. Drinking may not be confined to a local population where free water is available throughout the year.
Owl populations were stable at about 20 owls/ mi2 in optimal habitat; in other areas the number fluctuated seasonally, with the highest densities occurring during the breeding season. Availability of burrow sites appears to be the critical factor in the prediction of Burrowing Owl numbers. Predators seem to play a significant role in controlling the number of young owls recruited; however, an exceptionally large clutch size in this species tends to offset the effects of predation, particularly in the agricultural areas.
The role of the burrow in the population ecology and thermoregulation of burrowing owls reaffirms the conclusions of Bartholomew (19686) that an ecologically relevant understanding of physiology requires a knowledge of microclimate and is heavily dependent upon concurrent integration of the behavior of the species in question.
